




2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 i 

Table of Contents 

EXECUTIVE SUMMARY ........................................................................................................................ I 

INTRODUCTION ....................................................................................................................................... 1 

PART I – VENTILATION SYSTEM – OPERATION AND EMISSION LIMITS 
1 Description of Central Artery/Tunnel Project Ventilation Systems ............................................ 1–1 

1.1 Ventilation System Design Criteria ........................................................................................................ 1–1 
1.1.1 Full-Transverse Ventilation ........................................................................................................................... 1–3 

1.1.1.1 System Description .................................................................................................................................. 1–3 
1.1.2 Longitudinal Ventilation ............................................................................................................................. 1–12 

1.1.2.1 Dewey Square Tunnel ............................................................................................................................ 1–12 
1.1.2.2 Exit Ramps with Fresh-Air Supply and/or Jet Fan Ventilation .............................................................. 1–12 

1.2 Feasible Emission Control Technologies ............................................................................................. 1–18 
1.3 Tunnel Operating Conditions ............................................................................................................... 1–19 

1.3.1 During Non emergency Operations ............................................................................................................. 1–19 
1.3.2 During Emergencies .................................................................................................................................... 1–19 

1.4 Ventilation System Physical Properties ................................................................................................ 1–20 
1.4.1 Ventilation Building Dimensions and Ventilation Capacities ..................................................................... 1–20 
1.4.2 Longitudinally Ventilated Tunnels Dimensions and Ventilation Capacities ............................................... 1–22 

2 Determination of Emission Limits ............................................................................................. 2–25 
2.1 Project Preconstruction Certification Acceptance Record ................................................................... 2–25 
2.2 MassDEP Regulatory Requirements for Operating Certifications ....................................................... 2–26 
2.3 Acceptance of Concentration–Based Emission Limits ......................................................................... 2–27 
2.4 Acceptance of emission Limits Established in 2011/2012 Application ................................................. 2–28 
2.5 2016 Renewal of Operating Certification Process ............................................................................... 2–28 

2.5.1 PM2.5 Limits ................................................................................................................................................ 2–28 
2.5.2 VOC Compliance ........................................................................................................................................ 2–29 
2.5.3 CO and NO2 Limits ..................................................................................................................................... 2–29 
2.5.4 2011-2013 Dewey Square Tunnel (DST) Monitoring Program .................................................................. 2–30 

2.6 Technical Approach .............................................................................................................................. 2–32 
2.6.1 Relevant Pollutants ...................................................................................................................................... 2–32 
2.6.2 Averaging Times for Concentration-based Emission Limits for CO, NOx, and PM2.5 ................................ 2–32 
2.6.3 Predictive Model for NOx Emission Estimates ........................................................................................... 2–32 
2.6.4 NO to NO2 Conversion ............................................................................................................................... 2–34 
2.6.5 Representative Surface and Upper Air Meteorological Data....................................................................... 2–36 
2.6.6 Attainment Status of Project Area ............................................................................................................... 2–36 
2.6.7 Background Concentration Levels .............................................................................................................. 2–36 
2.6.8 Volatile Organic Compounds (VOC) .......................................................................................................... 2–39 

2.7 Emission Limit Determination .............................................................................................................. 2–40 
2.7.1 For Full Transverse Ventilation—Ventilation Buildings ............................................................................ 2–40 

2.7.1.1 Determination of Ventilation Building Emission Impacts ..................................................................... 2–40 
2.7.1.2 Modeling Methodology ......................................................................................................................... 2–41 
2.7.1.3 PM2.5 Analysis ....................................................................................................................................... 2–50 
2.7.1.4 CO and NO2 Analysis ............................................................................................................................ 2–52 
2.7.1.5 CO and NOx Input Parameters and Modeling Results ........................................................................... 2–53 

2.7.2 For Longitudinal Ventilation – Exit Ramps and DST .................................................................................. 2-58 
2.7.2.1 Modeling Procedures to Determine the Impact of Exit Portal Emissions ............................................... 2-58 
2.7.2.2 Use of Physical Simulation Data ............................................................................................................. 2-66 
2.7.2.3 CO Analysis ............................................................................................................................................ 2-66 
2.7.2.4 NO2 Analysis .......................................................................................................................................... 2-68 

2.7.3 For The Longitudinally Ventilated Ramps affected by the Future Development of Parcels 6 and 12 .......... 2-71 
2.7.3.1 The Proposed Design of Parcel Covers ................................................................................................... 2-71 
2.7.3.2 Tunnel Ventilation System near Parcels 6 and 12 ................................................................................... 2-78 
2.7.3.3 Emission Limits Modeling Approach ..................................................................................................... 2-78 
2.7.3.4 CO Emission Limits for Covered Parcels ............................................................................................... 2-81 
2.7.3.5 NOx Emission Limits for Covered Parcels ............................................................................................. 2-81 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 ii 

2.7.4 VOC Emission Limit Determination ............................................................................................................ 2-82 
2.7.4.1 2011 Travel Demand Estimation Process ............................................................................................... 2-82 
2.7.4.2 Procedures for 2011 VOC Analysis ........................................................................................................ 2-85 
2.7.4.3 2011/12 VOC Analysis Results .............................................................................................................. 2-85 
2.7.4.4 Ozone (O3) and VOC Suffolk County Historical Trends ........................................................................ 2-86 
2.7.4.5 MOVES Emission Factors and Future Traffic Changes for Suffolk County Motor Vehicles ................. 2-88 

2.7.5 VOC Compliance Demonstration................................................................................................................. 2-90 
2.8 Proposed 2016-2021 Operating Emission Limits ................................................................................. 2-90 

2.8.1 CO, NOx and PM2.5 ...................................................................................................................................... 2-91 
2.8.2 VOC ............................................................................................................................................................. 2-91 

2.9 Operating Certification criteria ........................................................................................................... 2-91 

PART II – COMPLIANCE MONITORING PROGRAM 
3 Project Compliance Monitoring System ..................................................................................... 3-93 

3.1 MassDEP 310 CMR 7.38(8) Regulatory Requirements........................................................................ 3-93 
Emissions Monitoring .................................................................................................................................................. 3-93 
Traffic Monitoring ....................................................................................................................................................... 3-93 

3.2 Emissions Measurement Methodologies ............................................................................................... 3-93 
3.2.1 Applicability of 40 CFR Parts 58, 60 and 75 ............................................................................................... 3-93 

3.3 Continuous Emissions Monitoring Systems Description ...................................................................... 3-93 
3.3.1 Monitoring Locations for Ventilation Buildings .......................................................................................... 3-93 
3.3.2 Monitoring Locations for Longitudinal Ventilation ..................................................................................... 3-95 
3.3.3 CO Monitoring System ................................................................................................................................ 3-96 

3.3.3.1 Ventilation Buildings and Longitudinally Ventilated Exit Ramps .......................................................... 3-96 
3.3.3.2 CEM Equipment Housing ....................................................................................................................... 3-96 
3.3.3.3 Sample Probe / Sample Transport / Sample Conditioning ...................................................................... 3-98 

3.3.4 PM2.5 Monitoring System ............................................................................................................................. 3-98 
3.3.4.1 VBs and Longitudinally Ventilated Exit Ramp....................................................................................... 3-98 
3.3.4.2 Monitoring Locations and Housing ........................................................................................................ 3-99 

3.3.5 NOx DST Monitoring System ...................................................................................................................... 3-99 
3.3.6 Data Acquisition and Handling System...................................................................................................... 3-100 

3.4 Continuous Emissions Monitoring Systems Initial Certification ........................................................ 3-100 
3.4.1 CO Monitoring System .............................................................................................................................. 3-100 

3.4.1.1 CO Analyzer Multi-Point Calibration Test ........................................................................................... 3-100 
3.4.1.2 Cycle Time and Linearity Test .............................................................................................................. 3-100 
3.4.1.3 Seven-Day Calibration Drift Test ......................................................................................................... 3-101 
3.4.1.4 System Bias Test ................................................................................................................................... 3-101 

3.4.2 PM2.5 Monitoring System ........................................................................................................................... 3-102 
3.4.2.1 K Factors ............................................................................................................................................... 3-102 
3.4.2.2 Flow ...................................................................................................................................................... 3-102 
3.4.2.3 Temperature and Barometric Pressure .................................................................................................. 3-102 

3.4.3 Continuous Emissions Monitoring Certification Data Submittal ............................................................... 3-102 
3.5 Traffic Monitoring .............................................................................................................................. 3-102 

4 Continuous Emissions Monitoring Plan ................................................................................... 4-104 
4.1 Project-Wide Quality Assurance/Quality Control Program ............................................................... 4-104 

4.1.1 Quality Assurance/Quality Control – Definition and Function .................................................................. 4-104 
4.1.2 QA/QC Goals and Objectives .................................................................................................................... 4-104 
4.1.3 Organization and Responsibilities .............................................................................................................. 4-105 

4.1.3.1 Director of Environmental Engineering ................................................................................................ 4-105 
4.1.3.2 Senior Environmental Engineer ............................................................................................................ 4-105 
4.1.3.3 Environmental Engineers ...................................................................................................................... 4-106 

4.1.4 Document Distribution and Control ........................................................................................................... 4-107 
4.2 Training .............................................................................................................................................. 4-108 

4.2.1 General Training ........................................................................................................................................ 4-108 
4.2.2 Specialized Vendor Training ...................................................................................................................... 4-108 
4.2.3 Monitoring Plan Review ............................................................................................................................ 4-108 
4.2.4 Periodic Refresher and Specialized Training ............................................................................................. 4-108 

  



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 iii 

PART III – RECORD KEEPING AND REPORTING 
5 Data Recording and Reporting .................................................................................................. 5-113 

5.1 MassDEP 310 CMR 7.38(9) Regulatory Requirements...................................................................... 5-113 
5.2 Continuous Emissions Monitoring Measurement Data Processing ................................................... 5-114 
5.3 Traffic Data Processing...................................................................................................................... 5-114 
5.4 Tunnel Ventilation System Maintenance Records............................................................................... 5-115 
5.5 Continuous Emissions Monitoring Data Summary Reports ............................................................... 5-115 
5.6 Request to Reduce the number of CEM CO Monitors ........................................................................ 5-133 

5.6.1 Data Supporting the VB CO Monitoring Zones for 2016-2021 ................................................................. 5-133 
5.7 Addition of NOx – NO2 Monitor at Dewey Square Tunnel .................................................................. 5-136 

PART IV - CORRECTIVE ACTIONS 
6 Contingency Plan ...................................................................................................................... 6-137 

6.1 General Requirements (310 CMR 7.38(4)) ......................................................................................... 6-137 
6.2 Compliance Status Determination for Day-to-Day Operations ......................................................... 6-137 
6.3 Pre-emptive Actions ............................................................................................................................ 6-138 
6.4 Corrective (Contingency) Actions ...................................................................................................... 6-139 

6.4.1 Emission Limit Exceedance Notification ................................................................................................... 6-139 
6.4.2 Emission Limit Assessment (ELA) ............................................................................................................ 6-140 
6.4.3 Additional Contingency Measures ............................................................................................................. 6-140 

6.5 Mitigation Plan ................................................................................................................................... 6-140 
6.6 Compliance of the Ventilation System from 2012 to 1st Quarter of 2016 ........................................... 6-141 

6.6.1 Exceedances of Emission Limits from 2012 to 1st Quarter of 2016 .......................................................... 6-141 
6.6.2 Summary of Exceedances, Reasons, Lessons Learned, and Corrective Actions ........................................ 6-142 

 
  



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 iv 

Appendices 

Appendix A MassDEP Acceptance Letters of the Previous Operating Certification Applications 

Appendix A-1 MassDEP Final Acceptance of the 2006 Central Artery/Tunnel Operating 
Certification (December 22, 2006) – Submitted with 2011 Renewal 
Application 

Appendix A-2 MassDEP Final Acceptance of the 2012 Central Artery/Tunnel Operating 
Certification (February 14, 2013) 

Appendix B 2016 Air Quality Analysis Protocol for the Determination of CO, NOx, PM2.5 and VOC 
Emission Limits for 2016 Application for the Renewal of the Operating Certification for 
the Project Ventilation System  

Appendix C Air Quality Impact Analysis Supporting Data 

Appendix C-1 2016 Air Quality Analysis Supporting Data for CO, NOx, and PM2.5 
Emission Limit Demonstration for VB 

Appendix C-2 2016 Air Quality Analysis Supporting Data for CO and NOx Emission 
Limit Demonstration for longitudinally ventilated ramps and DST 

Appendix C-3 Air Quality Supporting Data for CO and NOx Emission Limit 
Demonstration for future development of Parcels 6 and 12. 

Appendix C-4 Background Monitor Data and Meteorological Data in Support of Air 
Quality Analyses 

Appendix D 2012-2016, 1st Quarter Test Data (Audits, Calibration, Certification)  

Appendix E 2012-2016, 1st Quarter CEM Data  

Appendix F MassDEP-MassDOT Correspondence 

Appendix F-1a MassDEP Approval of Reduction on the Number of CO Monitors, 
June 30, 2016 

Appendix F-1b MassDOT Proposed Technical Memos Requesting the reduction in the 
number of CO monitors at VBs. March 20 and June 24, 2015 

Appendix F-2 Emission Limits Exceedances and ELA Assessments (2006-2011, 
1st quarter) – MassDOT submittal letters and MassDEP responses 

Appendix F-3 MassDOT Notifications to MassDEP of CEM Equipment Issues 

Appendix F-4 2016 Air Quality Analysis Protocols MassDEP approval letter  

Appendix F-5 MassDEP Letter on Applicability of 310 CMR 7.38 to Sumner Tunnel 
Ceiling Reconstruction 

Appendix F-6 Mass DOT and MassDEP Correspondence about CA/T Parcels 
Development Status 

Appendix F-7 Mass DOT and MassDEP Correspondence about NOx Monitoring  



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 v 

Appendix G Monitoring Equipment Standard Operating Procedures – Updates from SOPs Submitted 
with 2011/12 Renewal Application. 

Appendix H Summary and Findings of Dewey Square Tunnel and Albany Street Nitrogen Oxides (NOx 
– NO2) Monitoring Data – Final Report, June 20, 2014  

Attachment 1: CEM Air Emissions Monitoring Protocol  

 

 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 vi 

LIST OF FIGURES 

Figure 1-1: Physical Limits of CA/T Project ....................................................................................................... 1–2 
Figure 1-2: Schematic of Full-Transverse Ventilation System ........................................................................... 1–4 
Figure 1-3: Ventilation Building 4 Ventilation Schematic Diagram ................................................................... 1–4 
Figure 1-4: Location of Ventilation Buildings .................................................................................................... 1–5 
Figure 1-5: Location of Ventilation Building 1 ................................................................................................... 1–6 
Figure 1-6: Location of Ventilation Building 3 ................................................................................................... 1–7 
Figure 1-7: Location of Ventilation Building 4 ................................................................................................... 1–8 
Figure 1-8: Location of Ventilation Building 5 ................................................................................................... 1–9 
Figure 1-9: Location of Ventilation Building 6 ................................................................................................. 1–10 
Figure 1-10: Location of Ventilation Building 7 ................................................................................................. 1–11 
Figure 1-11: Location of Existing and Possible Future DST Exit Portal ............................................................ 1–14 
Figure 1-12: Locations of Ramp Portal 2 (CN-S) ............................................................................................... 1–15 
Figure 1-13: Locations of Ramp Portal 6 (CS-SA) ............................................................................................. 1–16 
Figure 1-14: Location of Ramp Portal 7 (CS-P) .................................................................................................. 1–17 
Figure 1-15: Supply Fan at VB 7 Air Intake Floor .............................................................................................. 1–22 
Figure 1-16: Jet Fan at Longitudinally Ventilation Ramp ................................................................................... 1–23 
Figure 2-1: Locations of the Three Ambient Monitors Deployed at Albany Street .......................................... 2–31 
Figure 2-2: CO/NOx Relationship Based on Monitored Levels at the DST from April 2011 through 

March 2012..................................................................................................................................... 2–34 
Figure 2-3: Stack Configuration Ventilation Building 1 ................................................................................... 2–43 
Figure 2-4: Stack Configuration Ventilation Building 3 ................................................................................... 2–44 
Figure 2-5: Stack Configuration Ventilation Building 4 ................................................................................... 2–45 
Figure 2-6: Stack Configuration Ventilation Building 5 ................................................................................... 2–46 
Figure 2-7: Stack Configuration Ventilation Building 6 ................................................................................... 2–47 
Figure 2-8: Stack Configuration Ventilation Building 7 ................................................................................... 2–48 
Figure 2-9: Sensitive Receptors and Ventilation Building Locations ...................................................... 2–53 
Figure 2-10: Ramp CN-S - Portal Location and Critical Receptor .......................................................................2-60 
Figure 2-11: Ramp CS-SA – Portal Location and Critical Receptors ..................................................................2-61 
Figure 2-12: Ramp CS-P- Portal Location and Critical Receptors .......................................................................2-62 
Figure 2-13: Dewey Square Tunnel – Configuration 1 – Future ..........................................................................2-64 
Figure 2-14: Dewey Square Tunnel – Configuration 2 - Existing 2016 ...............................................................2-65 
Figure 2-15: Parcel 6 Existing Condition .............................................................................................................2-72 
Figure 2-16: Parcel 6 Proposed Cover ..................................................................................................................2-73 
Figure 2-17: Parcel 6 Future Build Condition ......................................................................................................2-74 
Figure 2-18: Parcel 12 Existing Condition ...........................................................................................................2-75 
Figure 2-19: Parcel 12 Proposed Covers ..............................................................................................................2-76 
Figure 2-20: Parcel 12 FUTURE Build Condition ...............................................................................................2-77 
Figure 2-21: Receptor Placement at the Parcel 6 Site ..........................................................................................2-79 
Figure 2-22: Receptor Placement at the Parcel 12 Site ........................................................................................2-80 
Figure 2-23: CTPS Modeled Area ........................................................................................................................2-83 
Figure 2-24: CA/T Project Study Area .................................................................................................................2-84 
Figure 2-25: Suffolk County Measured 8-hour Average O3 Concentration Trend ...............................................2-87 
Figure 2-26: Lynn, MA Annual Mean VOC Concentration Trend ......................................................................2-88 
Figure 2-27: MOVES2014a Emission Factors 2010 – 2021 by Vehicle Class ....................................................2-89 
Figure 2-28: Monitored Daily Traffic in the CA/T Tunnels 2006-2016 ..............................................................2-90 
Figure 3-1: CO Ceiling Monitoring Probe at DST .............................................................................................3-95 
Figure 3-2: CO and PM2.5 Monitoring Units at VB 7 Exhaust ...........................................................................3-97 
Figure 3-3: CO Monitors Longitudinally for Ventilated Tunnels ......................................................................3-97 
Figure 3-4: CO-NO-NO2 DST Monitors Enclosure ..........................................................................................3-99 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 vii 

Figure 4-1: Organizational Structure for the MASSDOT-CA/T Project Continuous Air Emissions 
Monitoring Program ...................................................................................................................... 4-111 

Figure 5-1: Peak and Average Daily Traffic Volumes for Period 2006-2016 .................................................. 5-114 
Figure 5-2: Peak Hourly Traffic Volumes for Period 2006-2016 .................................................................... 5-115 
Figure 5-3:  Highest Peak and Average CO levels at all VBs for all nine years .............................................. 5-134 
 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 viii 

LIST OF TABLES 

Table ES-1: Summary of Emission Limits for 2016 to 2021 Period ....................................................................... V 
Table 1-1: Ventilation Building and Exhaust Stack Heights ............................................................................ 1–20 
Table 1-2: Ventilation Buildings Exhaust Capacity for Varying Steps ............................................................ 1–21 
Table 1-3: Longitudinal Ventilation Tunnel Section Dimensions and Mechanical Ventilation 

Capacities ....................................................................................................................................... 1–23 
Table 1-4: Traffic Volumes, Speeds and Air Flow Rates for DST and Eight Longitudinally Ventilated 

Ramps ............................................................................................................................................. 1–24 
Table 2-1: Summary of 2012-16 Emission Limits ........................................................................................... 2–28 
Table 2-2: Collected NOx, NO and NO2 Concentrations (ppb) ........................................................................ 2–31 
Table 2-3: CO/NOx Relationship Based on April 2011–March 2012 Measured Data ..................................... 2–33 
Table 2-4: NO/NO2 Conversion Factors Based on DST Monitoring Study ..................................................... 2–35 
Table 2-5: Boston NO2 Monitoring Sites ......................................................................................................... 2–37 
Table 2-6: Boston CO Monitoring Sites .......................................................................................................... 2–38 
Table 2-7: Boston PM2.5 Monitoring Sites ..................................................................................................... 2–39 
Table 2-8: Ventilation Building Operating Scenarios ...................................................................................... 2–42 
Table 2-9: Model Input Parameters for Ventilation Buildings ......................................................................... 2–49 
Table 2-10: Ventilation Building Exhaust and Stack Parameters – Step 4 Operations ...................................... 2–50 
Table 2-11: Ventilation Building Exhaust and Stack Parameters – Step 1 Operations ...................................... 2–51 
Table 2-12: Maximum 24-Hour and Annual PM2.5 Concentrations from Individual Ventilation 

Buildings at Ambient Receptors for Compliance Demonstration (µg/m3) based on a source 
level of 550 (µg/m3) ....................................................................................................................... 2–51 

Table 2-13: Maximum cumulative 24-Hour and Annual PM2.5 Concentrations from All Ventilation 
Buildings for Compliance Demonstration (µg/m3) based on a source level of 550 (µg/m3) .......... 2–52 

Table 2-14: Modeling Input Parameters for Step 1 ............................................................................................ 2–54 
Table 2-15: Modeling Input Parameters for Step 4 ............................................................................................ 2–54 
Table 2-16: Highest 2nd High 1-Hour and 8-Hour Predicted CO Concentrations from Ventilation 

Buildings at Ambient Receptors for Compliance Demonstration ...................................................2-55 
Table 2-17: Predicted NO2 Design Concentrations from Ventilation Buildings at Ambient Receptors for 

NAAQS Compliance Demonstration ..............................................................................................2-56 
Table 2-18: Predicted NO2 Design Concentrations from Ventilation Buildings at Ambient Receptors for 

MassDEP Guideline Compliance Demonstration............................................................................2-57 
Table 2-19: 1- and 8-Hour CO Levels for Compliance Demonstration: Ramp CN-S (PPM) .............................2-67 
Table 2-20: 1- and 8-Hour CO Levels for Compliance Demonstration: Ramp CS-SA Existing no Parcel 

12 Development (PPM) ...................................................................................................................2-67 
Table 2-21: 1- and 8-Hour CO Levels for Compliance Demonstration: Ramp CS-P (PPM) .............................2-67 
Table 2-22: 1- and 8-Hour CO Levels for Compliance Demonstration – Dewey Square Tunnel: 

Configuration 1 (PPM) ....................................................................................................................2-67 
Table 2-23: 1- and 8-Hour CO Levels for Compliance Demonstration – Dewey Square Tunnel: 

Configuration 2 (PPM) ....................................................................................................................2-68 
Table 2-24: 1-Hour NO2 Levels for Compliance Demonstration: Ramp CN-S (PPM) ......................................2-69 
Table 2-25: 1-Hour NO2 Levels for Compliance Demonstration: Ramp CS-SA – Existing no Parcel 12 

(PPM) ..............................................................................................................................................2-69 
Table 2-26: 1-Hour NO2 Levels for Compliance Demonstration: Ramp CS-P (PPM) .......................................2-69 
Table 2-27: 1-Hour NO2 Levels for Compliance Demonstration – DST: Future Configuration 1 (PPM) ..........2-70 
Table 2-28: 1-Hour NO2 Levels for Compliance Demonstration – DST: Existing Configuration 2 (PPM) .......2-70 
Table 2-29: Proposed Ramp Coverage for Parcel 6 ............................................................................................2-71 
Table 2-30: Proposed Ramp Coverage for Parcel 12 ..........................................................................................2-71 
Table 2-31: 1- and 8-Hour CO Levels for Compliance Demonstration: Ramp ST-SA + Parcel 6 (PPM) – 

Future Development ........................................................................................................................2-81 
Table 2-32: 1- and 8-Hour CO Levels for Compliance Demonstration: Ramp CS-SA + Parcel 12 (PPM) 

–Future Development ......................................................................................................................2-81 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 ix 

Table 2-33: 1-Hour NO2 Levels for Compliance Demonstration: Ramp ST-SA + Parcel 6 (PPM) – 
Future Development ........................................................................................................................2-82 

Table 2-34: 1-Hour NO2 Levels for Compliance Demonstration: Ramp CS-SA + Future Parcel 12 
(PPM) – Future Development..........................................................................................................2-82 

Table 2-35: Network-based Daily VMT (vehicles miles traveled) and VOCs (Kg/day) ....................................2-85 
Table 2-36: MBTA Buses Daily VMT and VOCs (Kg/day) ..............................................................................2-85 
Table 2-37: Commuter Railroad Daily VMT and VOCs (Kg/day) .....................................................................2-86 
Table 2-38: Ferry Daily Fuel Consumption and VOCs (Kg/day) .......................................................................2-86 
Table 2-39: Total Daily VOC Emissions (Kg/day) .............................................................................................2-86 
Table 2-40: MOVES2014a Emission Factors by Year and Vehicle Class (gram/vehicle-mile) .........................2-89 
Table 2-41: Summary of 2016-2021 Emission Limits ........................................................................................2-91 
Table 4-1: Key Personnel and Responsibilities ............................................................................................... 4-110 
Table 5-1: Summary of CO and NOx Average and Peak Levels: Ventilation Building 1 ............................... 5-117 
Table 5-2: Summary of CO, NOx and PM2.5 Average and Peak Levels: Ventilation Building 3 .................... 5-119 
Table 5-3: Summary of CO and NOx Average and Peak Levels: Ventilation Building 4 ............................... 5-121 
Table 5-4: Summary of CO and NOx Average and Peak Levels: Ventilation Building 5 ............................... 5-123 
Table 5-5: Summary of CO and NOx Average and Peak Levels: Ventilation Building 6 ............................... 5-125 
Table 5-6: Summary of CO, NOx, and PM2.5 Average and Peak Levels: Ventilation Building 7 ................... 5-126 
Table 5-7: Summary of CO and NOx Average and Peak Levels: Ramp CN-S ............................................... 5-129 
Table 5-8: Summary of CO, NOx and PM2.5 Average and Peak Levels: Ramp CS-SA .................................. 5-130 
Table 5-9: Summary of CO and NOx Average and Peak Levels: Ramp CS-P ................................................ 5-130 
Table 5-10: Summary of CO and NOx Average and Peak Levels: DST I-93 ................................................... 5-131 
Table 5-11: Summary of CO and NOx Average and Peak Levels: DST I-90 ................................................... 5-132 
Table 5-12: Highest 5% and 10% Levels Measured at each Ventilation Zone ................................................. 5-135 
Table 5-13: Proposed Monitoring Zones for 2016-2021 Period ....................................................................... 5-135 
Table 6-1: Summary of Emission Limits (2016-2021) ................................................................................... 6-138 
Table 6-2: Emission Action Levels (2016-2021) ............................................................................................ 6-139 
Table 6-3: CEM Emission Limit Exceedances (2012 – 2016) ........................................................................ 6-141 
 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 x 

LIST OF ABBREVIATIONS AND ACRONYMS 

ACO Administrative Consent Order 
AIS Air Intake Structure 
CA/T Central Artery/Tunnel 
CEM Continuous Emissions Monitoring 
CFM Cubic Feet Per Minute 
CFR Code of Federal Regulations 
CMR Code of Massachusetts Regulations 
CO Carbon Monoxide 
CTPS Central Transportation Planning Staff 
DAHS Data Acquisition Handling System 
DST Dewey Square Tunnel 
ELA Emission Limit Assessment 
EPA US Environmental Protection Agency 
FHWA Federal Highway Administration 
FSEIS/R Final Supplemental Environmental Impact Statement/Report 
g/s Grams per Second 
hp Horsepower 
HOC Highway Operations Center 
MassDEP Massachusetts Department of Environmental Protection 
MBTA Massachusetts Bay Transportation Authority 
MassDOT Massachusetts Department of Transportation 
���J���P3 Micrograms Per Cubic Meter 
MMIS Maintenance Management Information System 
MPH Miles Per Hour 
MPO Metropolitan Planning Organization 
NAAQS National Ambient Air Quality Standard 
NEMA  National Electric Manufacturers Association 
NIST National Institute of Standards and Technology 
NMHC Non-Methane Hydrocarbon 
NO Nitric Oxide 
NO2 Nitrogen Dioxide 
NOx Nitrogen Oxide 
NPC Notice of Project Change 
OLM Ozone Limiting Method 
PM Particulate Matter 
PM10 Particulate Matter - 10 micron 
PM2.5 Particulate Matter – 2.5 micron 
PPM Parts Per Million 
PPB Parts Per Billion 
QA/QC Quality Assurance/Quality Control 
Ramps LC-S (Leverett Circle to Central Artery SB); SA-CN (Surface Artery to Central Artery NB); 

CN-S (Central Artery NB to Storrow Drive); ST-CN (Sumner Tunnel to Central Artery NB); 
ST-SA (Sumner Tunnel to Surface Artery); CS-SA (Central Artery SB to Surface Artery);  
CS-P (Central Artery to Purchase Street); F (I-90 WB to Congress Street) 

SIP State Implementation Plan 
SOPs Standard Operating Procedures 
TEOM® monitor Tapered-element oscillating microbalance sensing technology monitor 
THC Total Hydrocarbons 
TSD Technical Support Document 
TWT Ted Williams Tunnel 
VB Ventilation Building 
VMT Vehicle Miles Traveled 
VOC Volatile Organic Compound 
VPH Vehicles Per Hour 



2016 CA/T Renewal of the Operating Certification of the Project Ventilation System 

 I 

Executive Summary 

The Central Artery/Tunnel (CA/T) Project depressed and widened I-93 through downtown Boston to 
Charlestown and constructed (as an extension of I-90) a Seaport Access Highway through South Boston 
connecting to the Ted Williams Tunnel (TWT) under Boston Harbor to Logan Airport. The Project included 
approximately 80 lane-miles of tunnels within a 7.5-mile urban corridor. Commercial traffic started flowing 
through the TWT in 1996, and the remainder of the Project opened to general traffic in March 2005. 

The CA/T’s ventilation system utilizes a mixture of full transverse and longitudinal ventilation. Most of the 
tunnels operate with the full-transverse ventilation system in which fresh air enters the tunnels under the 
roadway and the exhaust air exits through openings in the tunnel ceilings to plenums located above the 
ceiling. The ventilation fans and auxiliary equipment that provide fresh air and exhaust air are located in 
six ventilation buildings (VB) designated as VB1, VB3, VB4, VB5, VB6, and VB7. The portion of I-93 
called the Dewey Square Tunnel (DST) and eight exit ramps are longitudinally ventilated. In the 
longitudinally ventilated tunnels, exhaust air moves in the direction of the traffic flow and it is exhausted 
through the exit portals. Some longitudinally ventilated tunnels include supply air and/or jet fans mounted 
in the tunnel ceilings or walls. Two additional VBs provide fresh air to two longitudinally ventilated tunnel 
sections (VB8, and the DST Air Intake Structure (AIS)). 

MASSDEP REGULATION 310 CMR 7.38, AND ITS FIVE-YEAR RENEWAL REQUIREMENTS FOR 
THE OPERATING CERTIFICATION 

The CA/T Project's tunnel ventilation system is subject to the regulations set forth by the Massachusetts 
Department of Environmental Protection (MassDEP) in the Code of Massachusetts Regulations (CMR) at 
310 CMR 7.38 entitled “Certification of Tunnel Ventilation Systems in the Metropolitan Boston Air 
Pollution Control District.” Pursuant to 310 CMR 7.38(2), no person shall construct a tunnel ventilation 
system and project roadway subject to 310 CMR 7.00 without first certifying to MassDEP (and receiving 
MassDEP written acceptance of that certification) that the operation of any tunnel ventilation system, 
project roadway, and roadway networks will not cause or exacerbate a violation of certain specified ambient 
air quality standards, guidelines, and other criteria specified in 310 CMR 7.38. 

In compliance with MassDEP Regulation 310 CMR 7.38, the CA/T Project submitted to MassDEP in 2006 
an Operating Certification Application for the CA/T Tunnel Ventilation System, which established 
emission limits for all VBs, the DST, and each longitudinally ventilated exit ramp. The 2006 Operating 
Certification Application established tunnel emission limits for carbon monoxide (CO), nitrogen oxides 
(NOx) and particulate matter equal to or smaller than 10 microns in diameter (PM10). It demonstrated that 
these emission limits would ensure compliance with National and State Ambient Air Quality Standards 
(NAAQS) for CO, nitrogen dioxide (NO2), and PM10 and MassDEP guideline values for NO2. It also 
established a regional emissions budget for volatile organic compounds (VOC) based on the 2005 CA/T 
build predictions, which included highway and transit components. MassDEP gave final acceptance to the 
2006 CA/T Operating Certification on December 22, 2006 (hereafter referred to as the 2006 CA/T 
Operating Certification). 

On July 1, 2011, MassDOT submitted to MassDEP the Renewal Application for the Operating Certification 
for the CA/T Tunnel Ventilation System. The renewal application included an air quality compliance 
demonstration, summaries of air quality and traffic monitoring data, a review of feasible emission control 
technologies, and updates since the 2006 submittal. The Final document (hereafter referred to as the 2011 
CA/T Renewal Operating Certification), which addressed all MassDEP comments, was submitted on 
September 30, 2011. 
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The 2011 CA/T Renewal Operating Certification included new emission limits for particulate matter equal 
to or smaller than 2.5 microns in diameter (PM2.5) and demonstrated compliance with the new PM2.5 
NAAQS. The new PM2.5 emission limits replaced the PM10 emission limits established as part of the original 
operation certification approved in 2006. It also demonstrated that the VOC regional emissions for 2010 
were below the VOC budget based on the 2005 CA/T build predictions, which included highway and transit 
components. In addition, it requested to submit a supplemental application to MassDEP on July 1, 2012 to 
establish revised emission limits for CO and NOx, which are needed to demonstrate compliance with the 
new 1-hour NAAQS for NO2.  

MassDEP approved the two-part renewal certification approach on May 12, 2011. The need for the two-
part certification approach was driven by the US Environmental Protection Agency (EPA) adoption of a 
new and more stringent one-hour NAAQS for NO2 effective April 12, 2010. The supplemental application 
allowed MassDOT to collect a full year of nitric oxide (NO), NO2 and NOx data at the DST portal and at 
the Albany Street sidewalk locations. The purpose of this monitoring was to develop a method for 
estimating new emission limits for NOx at all ventilation buildings and longitudinally ventilated tunnels 
and ramps.  

The site-specific monitoring-based methodology replaced the ozone limiting method (OLM) used to 
demonstrate compliance with MassDEP one-hour NO2 Policy Guideline. The OLM technique assumes the 
instantaneous conversion of emitted NO to NO2 and, in addition, allows this conversion process to continue 
as long as ambient ozone (O3) is available in the atmosphere. MassDEP and MassDOT concurred that actual 
short-distance conversion rates were likely lower, and that a site-specific monitoring-based approach was 
a more appropriate method to establish the new emission limits for NOx.  

Since NOx levels were estimated as a function of in-tunnel CO levels in the original 2006 CA/T Operating 
Certification, the analysis of one full year of NO, NO2, NOx and CO data at the DST was used to determine 
a more appropriate CO-NOx correlation. Additionally, new emission limits for CO were also established in 
this supplemental application. 

ACCEPTANCE OF 2011/12 CA/T RENEWAL OPERATING CERTIFICATION 

MassDOT submitted the Final Supplemental Application for the CA/T Renewal Operating Certification on 
August 1, 2012. 

MassDEP issued a Final acceptance of the 2012 CA/T Renewal Operating Certification Application 
submitted August 1, 2012 in its letter dated February 14, 2013. The acceptance includes a list of specific 
requirements and covers the remainder four year operating period from December 19, 2012 to December 
19, 2016.  

2016 CA/T RENEWAL OPERATING CERTIFICATION 

This renewal application covers the five-year period from December 20, 2016 through December 19, 2021. 

For consistency, this 2016 document follows the format of the 2011/12 CA/T Renewal Operating 
Certification TSD, retaining the aspects that remain unchanged and replacing or adding information, as 
needed. It incorporates new changes, updates the CO, NOx and PM2.5 emission limits with their 
corresponding compliance requirements, and provides updates to the summaries of data collected since 
2012. As such, this 2016 TSD document provides most of the information included in the 2012 TSD and 
all the necessary updates, which form part of this application.  

Information contained in the versions prior to the 2011/12 TSD is NOT repeated in this document unless 
necessary to provide context and/or inputs for the emission limits compliance demonstration. As an example 
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of prior information not repeated here is the detail of Ramps F, L-CS, SA-CN, ST-CN, and ST-SA, which 
were eliminated from the CEM requirements in the 2012 Submittal approved by MassDEP in February 
2013. 

The 2016 CA/T Renewal Operating Certification included a Technical Support Document (TSD) divided 
into four parts: 
�x Part I – Ventilation System – Operation and Determination of Emission Limits 
�x Part II – Compliance Monitoring Program 
�x Part III – Record Keeping and Reporting 
�x Part IV – Corrective Actions 

The 2016 TSD also included several appendices and attachments: 
�x Appendix A: MassDEP Certification Acceptance Letters (2006 and 2011/12) 

�x Appendix B : Air Quality Analysis Protocol for Determination of Emission Limits as Part of the 
Operating Certification of the Project Ventilation Systems  

�x Appendix C: Air Quality 2016 Impact Analysis Supporting Modeling Data (VBs, DST, Ramps, 
Development of Parcels 6 & 12) 

�x Appendix D: CEM 2012-2016 Certification Test Data  

�x Appendix E: CEM 2012-2016 Data 

�x Appendix F: MassDEP Correspondence (2012 Certification approval, reduction of number of CO 
monitors, ELA assessments, AQ Protocol approval letters and other important correspondence) 

�x Appendix G: Monitoring Equipment Standard Operating Procedures (SOPs); and 

�x Appendix H: Summary of Findings of DST NOx-NO2 2011-13 Monitoring Program  

�x Attachment 1: CEM 2016 Air Emissions Monitoring Protocol 

TSD Part I describes in detail the CA/T’s ventilation system, and the air quality emission limits established 
for the exhaust from the ventilation buildings and the longitudinally ventilated tunnel sections (DST and 
three exit ramps). Emission limits established for the 2011/12-2016 operating certification period apply to 
day-to-day tunnel operation, except for emergency situations during a tunnel fire. The limits for CO, NOx 
and PM2.5 were determined as concentration-based emission limits (i.e., measured levels in parts per million 
�>�S�S�P�@���R�U���P�L�F�U�R�J�U�D�P�V���S�H�U���F�X�E�L�F���P�H�W�H�U���>���J���P3] inside the tunnels).  

Section 1 of TSD Part I covers the description of the CA/T ventilation system, its physical properties, 
feasible emission control technologies, and expected operating conditions. Ventilation building emissions 
control technology reviews were performed in 1991, 1995, 2004, 2011, and are updated in this document. 
An extensive investigation, conducted as part of these reviews revealed that ventilation was the predominant 
method of tunnel (inside and outside) air quality control employed in the United States and around the 
world. All reviews concluded that there are no feasible and effective control techniques available that would 
result in a net reduction of the tunnel exhaust emissions.  

The emissions data collected inside the CA/T tunnel indicate that safe in-tunnel air quality levels were 
maintained during the past ten years. The results of the monitoring program and corrective actions, indicated 
that despite a very few instances between 2006 and 2016 when abnormal conditions resulted in measured 
concentrations exceeding the established emission limits, ambient pollutant levels outside the tunnels have 
been well below the applicable NAAQS and MassDEP One Hour NO2 Policy Guideline. 
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Section 2 of TSD Part I – Determination of Emission Limits – includes the procedures for determining the 
revised emission limits for CO, NOx, PM2.5, and compliance with regional emission budget for VOC. 

Section 2 updates the compliance demonstration following the same technical modeling approach used in 
the 2012 TSD to determine in-tunnel NOx levels as a function of CO levels, and the NO to NO2 conversion 
factors based on the 2011-2012 results of the DST Monitoring Program.  

This section also provides a summary of the 2011-12 monitoring program that collected one year of CO, 
NOx, NO, and NO2 data inside the DST exit portal and along the Albany Street sidewalk locations. It 
describes how data gathered from the Albany Street monitoring program were used to develop more 
accurate NO to NO2 conversion factors for the new NOx emission limits to ensure compliance with the new 
1-hour NO2 NAAQS. 

The compliance modeling analysis for the ventilation buildings described in this section incorporates the 
most current background levels, 2012-2015 meteorological data, and receptor locations based on current 
buildings configuration in each VB surrounding area.  

The VB emission impacts were evaluated using the AERMOD analytical model. The maximum predicted 
emission impacts, when added to the appropriate background pollutant concentrations were compared to 
the applicable NAAQS and MassDEP policy guideline value for compliance assessment. The entire 
modeling process was repeated until the maximum allowable emission limits at which ambient standards 
can still be attained were found. The detailed modeling procedures to determine VB emission impacts and 
emission limits can be found in section 2.7.1. 

The air quality dispersion modeling analyses to determine the emission limits for DST and the three 
longitudinally ventilated ramps (CN-S, CS-SA and CSP) are based on the dilution coefficients obtained 
through the 1996 physical simulation study for the longitudinally ventilated ramps and through the 2005 
DST physical simulation study described in section 2.7.2. The DST configuration analyzed is based on 
Scenario #2 which includes development of Parcel 24 building, which is already built. The same NO to 
NO2 conversion factors based on the 2011-2012 results of the DST Monitoring Program are applied to both 
the VB, DST and ramps evaluation process. 

This section also includes an evaluation of the future emission limits related to the ongoing MEPA process 
for the creation of additional parkland features over Parcels 6 and 12, which will cover ramps ST-SA/CN 
and CS-SA/CN-SA. 

Since the 1996 wind tunnel tests did not consider these future parkland scenarios, the analytical modeling 
of the portal areas of ramps ST-SA and CS-SA was conducted using the AERMOD model, applying a portal 
jet approach methodology previously applied in the modeling of the DST and other portal impacts in the 
EIS stage of the CA/T project. The portal area receptor concentrations were estimated from the emissions 
generated by vehicles traveling inside the tunnel and later pushed and dragged out of the exit portal(s) in 
the wake of the moving cars. Emission rates carried out from the ramp portals were simulated as area 
sources and increased by increments to establish emission limit for each ramp. Emission limits for the ramps 
were established based on the same principles described in section 2.7.2, and are described in detail in 
section 2.7.3. 

Table ES-1 provides the CO and NOx revised emission limits presented in this document. These emission 
limits will come into effect in December 2016 and will be valid till 2021. 

Section 2 updates the PM2.5 compliance demonstration for the VBs following the technical modeling 
approach used in the 2011 TSD, and explained in more detail in section 2.6, with the incorporation of the 
most current background levels from MassDEP monitoring stations, the 2012-2015 local meteorological 
data, and receptor locations based on current buildings configuration in each VB surrounding area. The 
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results of this analysis indicate that a revised PM2.5 emission limit of 550 µg/m3 demonstrates compliance 
with the current PM2.5 annual and 24-hour NAAQS. The annual NAAQS was lowered from 15 �Pg/m3 to 12 
�Pg/m3 in 2014, which resulted in lowering the PM2.5 emission limits to the current value. Table EX-1 below 
also provides the updated PM2.5 emission limits.  

TABLE ES-1: SUMMARY OF EMISSION LIMITS FOR 2016 TO 2021 PERIOD  

Location* 

1-Hour CO 
Emission Limit 

(ppm) 
8-Hour CO Emission 

Limit (ppm) 

1-Hour NOX 
Emission Limit 

(ppm) 

24-Hour PM2.5 
Emission Limit 

(�Pg/m3) 
VB 1 70 70 6.1 550 
VB 3 70 70 6.1 550 
VB 4 70 70 6.1 550 
VB 5 70 70 6.1 550 
VB 6 70 70 6.1 550 
VB 7 70 70 6.1 550 
Ramp CN-S 35 59 3.2 NA 
Ramp CS-SA** 35 54 3.2 35*** 
Ramp CS-P 35 70 3.2 NA 
Dewey Sq. Tunnel 22 24 2.1 NA 

Notes: Acronyms are defined as: Central Artery Northbound to Storrow Drive (C-NS), Central Artery Southbound to Surface 
Artery (CS-SA), Central Artery Southbound to Purchase Street (CS-P), part per million (ppm), microgram per cubic 
�P�H�W�H�U�������J���P3). 

*  For each ventilation building, location includes all associated ventilation zones. 
**  The ambient PM2.5 monitor is located outside ramp CS-SA.  
*** Compliance with the 24-hour PM2.5 NAAQS is based on the monitoring design value, which is given by the 3-year 

average of the annual 98th percentile value of daily average concentrations. The form of the standard allows, on average, 
�I�R�U���W�K�H���Q�X�P�H�U�L�F�D�O���Y�D�O�X�H���R�I���W�K�H���V�W�D�Q�G�D�U�G�������������J���P�������W�R���E�H���H�[�F�H�H�G�H�G���R�Q���V�H�Y�H�Q���F�D�O�H�Q�G�D�U���G�D�\�V���S�H�U���F�D�O�H�Q�G�D�U���\�H�D�U���Z�L�W�K�R�X�W��
triggering a violation of the NAAQS. 

 

Lastly, Section 2 provides a summary of the VOC regional analysis. The 2012 Operating Certification 
demonstrated that the VOC regional emissions for 2010 were approximate 35% below the VOC budget 
based on the 2005 CA/T Build Alternative predictions, which included highway and transit components. 
Based on the significant decreases in VOC motor vehicle emissions and the current O3 attainment status of 
the Boston Metro area the 2016 CA/T renewal certification presents a simplified approach to estimate the 
reductions in the regional VOC levels. This approach uses MOVES 2014a (EPA s’ Motor Vehicle Emission 
Simulator) VOC emission factors and anticipated traffic increases based on current traffic growth factors. 

The result of the 2016 VOC regional emissions approach (described in section 2.7.4) indicated that VOC 
emissions for the CA/T area would be in the range of 2,000 kg/day, which is close to one third of the 2005 
VOC emission budget of 6,095.9 kg/day. The reduction is attributable to fleet turnover and cleaner vehicles 
and fuels mandated by Federal and State regulations over the past decade. 

TSD Part II describes the CA/T’s compliance monitoring program, including the Continuous Emissions 
Monitoring (CEM) system designed, constructed, and installed to demonstrate compliance with established 
emission limits and used to aid the operators to maintain safe air quality and visibility within the tunnels 
under normal operations.  

The CEM system is a hybrid type of monitoring system. The CEM system incorporates appropriate 
elements of federal regulations 40 CFR Part 58, 60, and 75 for the ambient air quality monitoring systems 
and the continuous emission monitoring at power plants. Equipment certification and operations are 
specifically tailored for use in the CA/T’s emission monitoring program. The 2016 CA/T Renewal 
Operating Certification TSD Attachment 1 (CEM Air Emissions Monitoring Protocol) provides specific 
information regarding CEM equipment that has been installed and/or revised for the 2016-2021 operating 
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certification at each VB and longitudinally ventilated exit ramp as well as the operational protocol for the 
CEM equipment.  

MassDOT monitors vehicular emissions of CO in the exhaust plenum of each ventilation building prior to 
discharge up and out the building stacks, and at the exit portal of DST and some longitudinally ventilated 
exit ramps. MassDOT monitors PM2.5 emissions at four representative in-tunnel locations with the highest 
PM2.5 levels and ambient levels the vicinity of Ramp CS-SA. Starting in 2017, a NOx monitor will measure 
hourly levels inside the DST (I-93 portal). 

TSD Part III describes the record keeping and reporting aspects of the CA/T’s Operating Certification, 
MassDOT process to record CO and PM2.5 data continuously at each CEM location and the procedures to 
download data to a central computer location. MassDOT reviewed the data and generated daily data 
summaries for each month. Using the daily summaries, MassDOT developed NOx emission concentrations 
using a Project-specific CO to NOx conversion ratio based on the statistical analysis of several thousand 
hours of monitored data for both pollutants. The conversion equation is based on data collected at the DST 
during the April 2011-March 2012 monitoring program.  

In March 2016, peak hour traffic volumes in vehicles per hour (VPH) using the mainline tunnels were 
generally in the range of 5,830 to 7,540 VPH in each direction of I-93 and in the range of 3,320 to 3,380 
VPH in each direction of the TWT. The average daily volumes were in the range of 83,300 to 102,700 
vehicles per day (VPD) in each direction of I-93 and in the range of 41,400 to 42,600 VPD in each direction 
of the TWT. These traffic levels are still below the 2010 project design projections published in the 1990 
FSEIS/R.  

The tunnel full transverse ventilation system currently operates at Step 1 (13% of exhaust capacity) for off-
peak and Step 3 (32% of exhaust capacity) under peak traffic conditions.  

The 2012-2016 (1st quarter) data presented in Section 5 of TSD Part III indicate that measured hourly CO 
concentrations for the ventilation buildings range from 0.6 to 4.0 ppm on average and as high as 33.6 ppm 
during peak periods for the ventilation buildings. For the DST and ramps, hourly CO concentrations were 
in the range of 1.7 to 4.3 ppm on average with maximum levels in the range of 17.9 to 38.5 ppm. 

Measured hourly NOx levels from the ventilation buildings ranged from 0.3 to 0.5 ppm on average with 
peak values ranging from 1.1 to 3.1 ppm. Measured hourly NOx levels for the DST and Ramps ranged from 
0.4 to 0.6 ppm on average with peaks ranging from 1.8 to 3.5 ppm.  

Measured average daily PM2.5 concentrations between 2012 and 2016 were between 19 and 39 �Pg/m3, 
Maximum daily PM10 values were in the range of 163 to 414 �Pg/m3. The PM10 monitor outside Ramp CS-
SA, which measures ambient levels, recorded between 2012 and 2016 annual averages from 9 to 11.4 
µg/m3, and a maximum 24-hour daily level of 33.5 µg/m3. 

TSD Part IV describes the procedures and actions that MassDOT implemented in the event of an 
exceedance of the established emissions limits due to non-emergency traffic conditions. Part IV also 
describes the notification process; including MassDOT written notification to MassDEP for emission limits 
exceedances and actions undertaken by MassDOT to restore compliance with limits.  

To help ensure compliance with the emission limits at any location, MassDOT established CEM emission 
action levels generally in the range of 75% to 80% of the emission limit for each of the monitoring locations. 
Based on operating experience, MassDOT can effectively maintain acceptable in-tunnel CO concentrations 
by small, step-by-step increases in the ventilation rate.  

Based on the Project’s abundant ventilation capacity and well-established procedures, the operation of the 
system has worked well within the established emission limits. Therefore, specific information regarding a 
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long-term mitigation plan was not included as part of the 2006 Operating Certification, 2011 CA/T Renewal 
Operating Certification, and will not be provided for the 2016-2021 Operating Certification period.  

There were four episodes during the period from the beginning of 2012 through the end of the first quarter 
of 2016 when emission limits were exceeded. These episodes resulted in a total of 7 hours when CO 
measured levels at the DST exceeded the corresponding emission limit of 23 ppm hourly CO. For these 
four cases when CO limits were exceeded, the main reasons were emissions from maintenance equipment 
during nighttime tunnel closing,  

Nighttime maintenance activities in the vicinity of the CEM sample probes has been shown to be the 
primary factor in the majority of CO exceedances from the DST at the times when the system was operating 
at Step 1. MassDOT in October 2012 initiated a project to use the integrated project control system (IPCS) 
of the CA/T to raise fan speed to Step 3 upon alarm inputs automatically not only at the DST, but also at 
the upstream I-93 SB sections of the tunnel. This operational correction resulted in almost three years 
without any emission limit exceedance proving its effectiveness. A July 2015 exceedance was a result of a 
temporary mechanical control repair at Air Intake Structure (AIS), which precluded the fans from going 
above Step 1. 

To put these events in perspective, CO concentrations were measured every hour at 24 VB exhaust locations 
and at five locations in the DST and ramps over the last four calendar years (2012-2015) and during the 
first quarter of 2016, yielding approximately 1.1 million observations. The 7 hours for which a CO emission 
limit was exceeded represent an exceedingly infrequent occurrence and shows that the ventilation system 
nearly always was in compliance with its CO emission limits. Over 99.99% of the hourly CO concentration 
measurements showed compliance with CO emission limits, and the 7 hours when CO emission limits were 
exceeded represent only about 0.00009% of the hours during this period. 

None of the episodes when an emission limit was exceeded resulted in a violation of the applicable NAAQS 
or MassDEP NO2 Policy guideline. The results of each emission limit assessment (ELA) modeling indicated 
that the maximum predicted ambient concentrations were usually 50% or less of the applicable NAAQS 
for CO, and less than 70% for NO2. This shows that the emission limits were established with a considerable 
margin of safety with regard to the health-related NAAQS, due to the very conservative worst-case 
assumptions that went into analysis. 

There were no exceedances of the new PM2.5 emission limit established in 2011. 

MASSDOT REQUEST TO REDUCE THE NUMBER OF CO CEM MONITORS AT VBS 

The full transverse ventilation system includes six ventilation buildings serving 24 ventilation zones with 
their corresponding supply and exhaust fans. Currently there are 25 CO monitors in operation: one in each 
ventilation zone, and one at the VB7 air intake. All 24 zones have a CO emission limit of 70 PPM, and a 
CO action level of 60 PPM. 

The tunnel full transverse ventilation system currently operates at Step 1 (13% of exhaust capacity) for off-
peak and step 3 (32% of exhaust capacity) for peak traffic conditions. The two million plus hourly CO 
levels measured during nine years at the 24 VB zones ranged from 0.5 to 10.1 ppm on average, and reached 
the highest level of 34.4 ppm at VB7, which is below 50% of the emission limit. During the nine years of 
operation, no full transverse ventilation zone approached the action level. 

This request seeks to reduce the number of CO monitoring locations to one per VB, except for VB7, which 
will have two monitors as part of this 2016 renewal of the Operating Certification. MassDOT will achieve 
the objective of 310 CMR 7.38 by maintaining the CEM program, and reporting compliance with CO 
emission limits at each VB by monitoring ventilation zones with the historically highest CO levels.  
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The reduction in the total number of CO monitors from 25 to seven will allow MassDOT to better maintain 
the current CO monitors by using the monitors removed from service for spare parts and thus extending the 
their useful life in the CEM system, and make more feasible a full upgrade in the future. 

During March 2015 MassDEP recommended selecting the highest zones by looking at the highest 5% and 
10% of hourly data for each zone. The analysis and resulting selection of the seven ventilation zones is 
presented in section 5.6. 

MassDEP concurred with this proposal to reduce the number of CO monitors from 25 today to 7 in the next 
certification period from 2016 to 2021 in the MassDEP letter dated June 30, 2015 (presented in Appendix 
F). 

The CO monitors at Dewey Square Tunnel (I-93 and I-90 collector) and three longitudinally ventilated 
ramps (CN-S, CS-SA and CS-P) will continue in accordance with the current CEM program. There will be 
12 CO monitors in the CEM system from 2017. 

The four PM2.5 monitors installed in three VBs, and outside Ramp CS-SA will continue their operation in 
the 2016-2021 period. In addition, a NOx monitor inside the DST I-93 longitudinally ventilated ramp will 
be installed and will start operating in the 2016-2021 certification period. 
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Introduction 

In compliance with MassDEP Regulation 310 CMR 7.38, the CA/T Project filed an application for 
Operating Certification for the Project’s Tunnel Ventilation System during 2006 in which it established 
emission limits for the exhaust of each Ventilation Building, Dewey Square tunnel, and longitudinally 
ventilated exit ramps. The 2006 Operating Certification established tunnel emission limits for CO, NOx and 
PM10 that allowed the tunnel ventilation system to demonstrate compliance with ambient air quality 
standards for CO, NO2, and PM10 and Massachusetts one-hour Policy Guideline for NO2. It also established 
that the CA/T Project was within the regional emissions budget for volatile organic compounds based on 
the 2005 CA/T build predictions, which included highway and transit components. The 2006 Operating 
Certification also included: a compliance monitoring program for CO and PM10, record keeping and 
reporting requirements and procedures, and corrective actions that would be required if any of the 
established emission limits were exceeded. MassDEP gave final acceptance to the 2006 CA/T Operating 
Certification in December 22, 2006. 

MassDEP Regulation 310 CMR 7.38 requires MassDOT to renew the Operating Certification every five 
years. On July 1, 2011, MassDOT submitted to MassDEP the Renewal Application for the Operating 
Certification for the CA/T Tunnel Ventilation System.  

The 2011 CA/T Renewal Operating Certification included new emission limits for particulate matter equal 
to or smaller than 2.5 microns in diameter (PM2.5) and demonstrated compliance with the new 2006 PM2.5 
NAAQS. The new PM2.5 emission limits replaced the PM10 emission limits established as part of the original 
operation certification approved in 2006. It also demonstrated that the VOC regional emissions for 2010 
were below the VOC budget based on the 2005 CA/T build predictions, which included highway and transit 
components. In addition, it requested to submit a supplemental application to MassDEP on July 1, 2012 to 
establish revised emission limits for CO and NOx. 

The need for the two-part certification approach (2011/12) was driven by the US EPA adoption of a new 
and more stringent one-hour NAAQS for NO2 effective April 12, 2010. The delayed supplemental 
application allowed MassDOT to collect a full year of NO, NO2 and NOx data at the DST portal and at the 
Albany Street sidewalk locations. The purpose of this monitoring was to develop a data based method for 
estimating new emission limits for NOx at all ventilation buildings and longitudinally ventilated tunnels 
and ramps. MassDEP and MassDOT concurred that a monitoring-based approach was a more appropriate 
method to establish the new emission limits for NOx.  

Since NOx levels were estimated as a function of in-tunnel CO levels in the 2006 CA/T Operating 
Certification, the analysis of one full year of NO, NO2, NOx and CO data at the DST was also used to 
determine a more appropriate CO-NOx correlation that reflected emissions of the motor-vehicle fleet in 
Massachusetts during the 2012 CA/T Renewal time frame. 

MassDOT submitted the Final Supplemental Application for the CA/T Renewal Operating Certification on 
August 1, 2012. 

MassDEP issued a Final acceptance of the 2012 CA/T Renewal Operating Certification Application 
submitted August 1, 2012 on its letter dated February 14, 2013. The acceptance includes a list of specific 
requirements described in the February 14, 2013 MassDEP letter, and covers the remainder four year 
operating period from December 19, 2012 to December 19, 2016.  

This renewal application covers the five-year period from the date of MassDEP approval of the 2016 
application through December 19, 2021. 
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For consistency, this application follows the format of the 2011/12 CA/T Renewal Operating Certification 
TSD, retaining the aspects that remain unchanged and replacing or adding information, as needed, to 
incorporate new compliance requirements and to update summaries of data collected since 2012. As such, 
this 2016 TSD document provides most of the information included in the 2012 TSD plus all the necessary 
updates, which form part of this application.  

Information contained in the versions prior to the 2012 Approved TSD is NOT repeated in this document, 
unless necessary to provide context and/or inputs for the emission limits compliance demonstration. As an 
example of prior information not repeated here is the elimination of Ramps F, L-CS, SA-CN, ST-CN, and 
ST-SA from the CEM requirements in the 2012 Submittal, approved by MassDEP in February 2013. 

The appendices that appear in this 2016 CA/T Renewal Operating Certification are included as supplements 
to the electronic files. 

Following the same format as the 2012 CA/T Renewal Operating Certification TSD, this document is 
divided into four parts and several appendices: 
�x Part I – Ventilation System – Operation and Emission Limits 
�x Part II – Compliance Monitoring Program 
�x Part III – Record Keeping and Reporting of 2012-2016 operating levels 
�x Part IV – Corrective Actions – Procedures implemented during 2012-2016 operations 

And several Appendices:  
�x Appendix A: MassDEP Certification Acceptance Letters (2006 and 2011/12) 

�x Appendix B : Air Quality Analysis Protocol for Determination of Emission Limits as Part of the 
Operating Certification of the Project Ventilation Systems  

�x Appendix C: Air Quality 2016 Impact Analysis Supporting Modeling Data (VBs, DST, Ramps, 
Development of Parcels 6 & 12) 

�x Appendix D: CEM 2012-2016 Certification Test Data  

�x Appendix E: CEM 2012-2016 Data 

�x Appendix F: MassDEP Correspondence (2012 Certification approval, reduction of number of CO 
monitors, ELA assessments, AQ Protocol approval letters and other important correspondence) 

�x Appendix G: Monitoring Equipment Standard Operating Procedures (SOPs); and 

�x Appendix H: Summary of Findings of DST NOx-NO2 2011-13 Monitoring Program  
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Part I – Ventilation System – Operation and 
Emission Limits 

1 DESCRIPTION OF CENTRAL ARTERY/TUNNEL PROJECT 
VENTILATION SYSTEMS 

The Central Artery/Tunnel (CA/T) Project was designed and built to reduce traffic congestion, accidents, 
and air pollution in the Boston area by replacing the old elevated Central Artery with new aboveground and 
underground roadways. Figure 1-1 provides the physical limits indicating the above and underground 
portions of the Project 

Approximately 80 lane miles of these new roadways are underground tunnels, including the 7,900-foot-
long, four-lane Ted Williams Tunnel (TWT) under the Boston Harbor that connects East Boston to South 
Boston, the eight to ten lane underground Southeast Expressway (I-93), and the underground portions of 
the Massachusetts Turnpike (I-90). The TWT opened to commercial and other authorized vehicles on 
December 15, 1995, and the entire Project was fully operational in March 2005. 

As described in the 2012 Renewal of the 2006 TSD of the Operating Certification, in the 1991 Project-wide 
Final Supplemental Environmental Impact Statement/Report (FSEIS/R), and in the Preferred Alternative 
in the 1994 FSEIS/R for the Charles River Crossing, the CA/T Project utilizes a full-transverse ventilation 
system to maintain acceptable in-tunnel air quality set forth by the Federal Highway Administration 
(FHWA) for motorists traveling in the tunnels. 

In response to authorization from the FHWA in November 1995 regarding the use of the longitudinal 
ventilation system, the Massachusetts Department of Transportation (MassDOT) implemented design 
refinements to the Project's tunnel ventilation system by using jet fans as a potentially viable alternative for 
maintaining adequate ventilation. Specifically, the refinements included the replacement of the full-
transverse ventilation systems with longitudinal ventilation at the Dewey Square Tunnel (DST) section of 
I-93 Southbound, and at eight tunnel exit ramps. 

1.1 VENTILATION SYSTEM DESIGN CRITERIA 
Tunnel ventilation systems servicing the CA/T Project have been designed to provide adequate ventilation 
capacity during both normal traffic operation and emergency/fire conditions. The urban setting of the 
Project also imposed significant demands on the tunnel ventilation system design and its allowable impact 
to the surrounding community. Sensitivity to land use and ambient environmental issues such as noise and 
air quality weighed heavily in determining the allowable size and locations of the necessary ventilation 
facilities. Full transverse and longitudinal type ventilation systems were therefore utilized to meet the 
functional demand of the various road tunnel configurations and the local environmental challenges in the 
most cost effective and efficient manner. 

The design followed the FHWA-Environmental Protection Agency (EPA) in-tunnel air quality criteria, 
which were established, based on time exposure of the motorists traveling inside the tunnel. Based on these 
criteria the tunnel operator is required to maintain CO levels below 120 part per million, when the time 
exposure does not exceed 15 minutes during peak rush hour traffic, 65 ppm for the exposure between 15 
and 30 minutes; below 45 ppm for exposure between 30 and 45 minutes; and below 35 ppm when motorists 
remain inside the tunnels for 60 minutes. The two million plus hourly CO levels measured during nine years 
at the 24 ventilation building (VB) zones ranged from 0.5 to 10.1 ppm on average, and reached the highest 
level of 34.4 ppm at VB7, which is below 50% of the emission limit. 
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FIGURE 1-1: PHYSICAL LIMITS OF CA/T PROJECT 
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From a tunnel ventilation perspective, the Project was defined as three distinct and separate road tunnel 
“systems”: the Ted Williams Tunnel, the I-90 Tunnel Extension, and the I-93 Central Artery Tunnel. Each 
of these tunnel systems was divided into multiple “ventilation zones.” Each ventilation zone was served by 
a dedicated and independently controlled set of fans. This concept allowed for significant operational 
flexibility throughout the Project and provided the means for establishing the most efficient system 
operation under normal conditions and the most effective system operation in the case of a traffic incident 
or fire emergency. 

The tunnel ventilation system was designed with a supply air capacity of 65 cubic feet per minute (cfm) per 
lane-foot of tunnel, and an exhaust capacity of 100 cfm per lane-foot of tunnel. The total supply capacity 
for the full transverse ventilation system (including all six ventilation buildings [VBs]) is approximately 
11.4 million cfm serving the 22 ventilation zones. This ventilation system was designed to maintain in-
tunnel CO levels between 20 and 60 ppm, and NOx levels between 1 and 5 ppm, during normal peak hour 
traffic conditions. Due to advances in motor-vehicle emission control technology and the public’s demand 
for cleaner air, new car emissions have been progressively decreasing. The CO data collected during the 
first 10 years of operation indicates a significant decrease in tunnel CO levels. Therefore, the CA/T Project 
ventilation system is expected to provide ample ventilation capacity to accommodate any potential traffic 
growth.  

1.1.1 Full-Transverse Ventilation 
In the full-transverse ventilation system, fresh air supply is introduced to the tunnels from under the 
roadway, and the mixture of vehicle exhaust is extracted through openings in the tunnel ceilings to plenums 
located above the ceiling before being diverted up through the VB’s exhaust stacks. Figure 1-2 provides a 
schematic of the full transverse ventilation system. 

1.1.1.1 System Description 
The full transverse ventilation system includes six ventilation buildings (VB1, VB3, VB4, VB5, VB6, and 
VB7) serving 22 ventilation zones with their supply and exhaust fans. The system includes a total of 73 
exhaust stacks, each of which is connected to an exhaust fan. The system also includes VB8, which provides 
only supply air to Ramp CN-S. Figure 1-3 provides a typical cross section for VB4. Figure 1-4 provides the 
locations of the ventilation buildings. 

The sections of the Project served by each VB are as follows:  
�x VB 1 serves a section of I-90 Westbound / Eastbound, and Ramps D & L. It has four ventilation zones, 

11 exhaust stacks, and a supply capacity of 1.66 million cfm. 

�x VB 3 serves a section of I-93 Northbound / Southbound. It has three ventilation zones, 14 exhaust 
stacks, and a supply capacity of 2.44 million cfm. 

�x VB 4 serves a section of I-93 Northbound / Southbound. It has four ventilation zones, 16 exhaust stacks, 
and a supply capacity of 2.48 million cfm. 

�x VB 5 serves a section of I-90 Westbound / Eastbound. It has four ventilation zones, 12 exhaust stacks, 
and a supply capacity of 1.98 million cfm. 

�x VB 6 serves a section of the TWT Westbound / Eastbound. It has two ventilation zones, 6 exhaust 
stacks, and a supply capacity of 1.16 million cfm. 

�x VB 7 serves a section of the TWT Westbound / Eastbound, and Ramp T-AD. It has five ventilation 
zones, 14 exhaust stacks, and a supply capacity of 1.68 million cfm. 

Figures 1-5 to 1-10 provide the location of each VB. 
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FIGURE 1-2: SCHEMATIC OF FULL-TRANSVERSE VENTILATION SYSTEM 

 

 

FIGURE 1-3: VENTILATION BUILDING 4 VENTILATION SCHEMATIC DIAGRAM 
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FIGURE 1-4: LOCATION OF VENTILATION BUILDINGS 
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FIGURE 1-5: LOCATION OF VENTILATION BUILDING 1 
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